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1OGIC AND EQUATIONS FOR THE REAL-TIME COMPUTATION OF THE LUNAR MODULE
LAUNCH WINDCOW AND RECOMMENDED LIFT-OFF TIME

By R. K. McDonough and W. A. Sullivan
SUMMARY AND INTRODUCTION

This Internal Note presents the logic and mathematics of the
Lunar Launch Window Processor (LIWP). The enclosed functional and de-
tailed flow charts define the processor for the AS-504 real-time com-
puter systems. The LIWP computes the lunar module (IM) recommended
time of lift-off from the lunar surface and the lunar launch window.
The output will be used for mission plenning prior to AS-50L4 and will
be used in real-time to compute the Lunar Launch Window Display for
the launch time plenning.

LUNAR LAUNCH WINDOW PROCESSOR

The LIWP computes lift-off times as a function of the height
difference (AH) in the coelliptic orbits phase of the lunar concentric
rendezvous plan (ref. 1). The recommended IM time of lift-off from the
lunar surface is that launch time during a given commend and service
modules (CSM) revolution for which the required AH is the nominal mission
value., The lunar launch window is defined as the total intervel of time
in the CSM revolution during which the IM can 1lift-off and rendezvous
with the CSM within the limits of maneuver-AV budgets, IM ascent stage
power lifetime, and safe orbital sltitudes,

The lift-off time computstion involves simulation of the mission
from IM launch through rendezvous. The lift-off time which satisfies
phase convergence for the given coelliptic AH st terminal phase initia-
tion is the required time. The LIWP output for each AH includes the
lift-off time, maneuver times, and maneuver-AV values.



The LIWNP times may be computed based on either IM or CSM execu-
tion of the rendezvous maneuvers. In either case, AH is positive when
the maneuvering vehicle is below the target vehicle, and is negative
otherwise. The positive AH values are limited by the minimum allowable
pericynthion altitude. The negative AH values are limited by the ren-
dezvous AV budgeted for the maneuvering vehicle; however, a theoretical
limit exists above which the vehicle cannot acquire the target along
the input elevation angle.

The launch window boundary times are computed for these AH max- .
ima with terminal phase delayed in time to the limit of IM ascent stage
power lifetime.

The LIWNP logic is divided into three blocks. The mein, or con-
trol, block is called the LIWM and cealls for HMALIT and TILL. The HMALIT
(Lunar Height Maneuver Iterator) block computes the lunar concentric
rendezvous sequence to maneuver from the input CSI position into an orbit
coelliptic to the target and with the input AH. The TILL (Time Tterator
for Lunar Lighting) block computes the time of arrival of the target
vehicle at an sngle from the earth-moon line and is used to fix terminal
phase initiastion at a point with acceptable lighting conditions. Func-
tional and detailed flow charts for LIWM, HMALIT, and TILL are presented
in Appendices A, B, and C, respectively.

The processor uses the Lunar Satellite Analytic Ephemeris
Generator (LSAEG of ref. 2) for vehicle ephemeris prediction. The sym-
bols used for LSAEG are given in Appendix D. Several special purpose
trajectory subroutines are called in addition to the ISAEG. These are
COEDH, ENSERT (ref. 3); STAP, STLO (ref. L); TIMA, TIMFA, THETR (ref 5);
PERHAP (ref 6); and, the two-impulse maneuver routines (ref 7).



APPENDIX A

FUNCTIONAL AND DETAILED FLOW CHARTS FOR LIWM
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Constant Input:

bl

V)

nm
Varisble Input:

IBURN

TPL

SYMBOLS

3-1’4—15% « o e

lunar gravitational potential
ﬁean lunar radius

angular iteration tolerance
height iteration tolerance

time iteration tolerance

international feet per nauticsel mile

flag that controls at what time CSI is done

i}

. o] \ ,
IBURN 0, CSI is done 90~ from insertion

i

l, CSI is done at an input elapsed

I URN
B time from insertion

flag that controls at what position TPI
is done

I

n

O, TPI is done at an input angle

TFI awvay from the earth-moon line
ITPI = 1, TPI is done over an input longitude
I =2, TPI is at &n input time

TPI



SRCH

0S5

flag that controls the search option for
the absolute opening and closing of the
launch window

ISRCH = 0, compute the launch window for
only the input AH table
ISRCH = 1, compute the complete window

flag that controls position for final
maneuver

I = 0, compute final meneuver for a ren-
0S X

dezvous solution
IOS = 1, compute final maneuver for an

offset in height and phase
number of maneuvering vehicle

M

1, CSM is maneuvering vehicle

M

I

2, IM is maneuvering vehicle
number of non-maneuvering vehicle

P = 1, CSM is non-maneuvering vehicle
P = 2, IM is non-maneuvering vehicle
number of points used in the curve fit
number of entries in the AH table

maximum in-orbit lifetime of the IM ascent
stage power systems

minimum safe height of an orbiting vehicle

rendezvous AV budget for both vehicles



SRCH

OHgrpp

OFF
ASpy

hole

TFI

Ris, Mas, s

input teble of coelliptic altitude dif-
ferences

powered flight arc of IM

height of insertion of IM

powered flight time of IM

insertion velocity of IM

angle from TPI to the earth-moon line

yaw steer capability of IM

time to travel from insertion to CSI
height difference to begin curve fit with

height difference to increment curve fit
vith

transfer angle for terminal phase

elevation angle to initiate terminal phase
on

offset height difference
rhase engle offset

threshold time to determine which launch
window is obtained

time of TPI

radius, longitude and latitude of landing
site
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n
H
H

i}
e
i

time of landing site vector

CSM vector in classical coordinates

time of CSM vector

longitude at which TPI is to be

scheduled

table of lift-off times

table of coelliptic height differences

table of CSI times

table of CDH times

table of TPI times

table of TPF times

table of CSI maneuver costs

table of CDH maneuver costs

table of TPI maneuver costs

table of TPF maneuver costs

table of total maneuver costs in plan

table of rendezvous orbit numbers



Functiovat. LU WM FrLow <HART

START

tomnrnute T/MC,t)u, ofF s
WakiVAL bvem wurpeoring (M
LANLING SITE LONMGITuDE TO
ANCHOR Ccsnm RevoLUdTIan OF
WTEREST

..... 1

COMPUYTE LM 1NWSLRTIé N ORSIT
7O PROVIODE PrERIVL,SemM ! -
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YES
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AFTER TPX
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COMPUTE MAKXIMUM POSITIVE
sH BASED ON TARGET
VEHRICLE PERICYNTHION HEIGHT]
AND INPUT MINIMUM SAFLE
PERICINTHION HEIGAT

3

COMPUTE MAXKIMUM NEXATIVE
OH AS THAT VALUE ABOVE whicH
THE TARGET CAN NO LONGER
BL SEEM AT THE DLesrsrRred
ELEVATION ANQLE .

SET UP aH TAGBLE . oceLETE
ANY INPUT VALUES wHICH
EXCEED THE CcoMPUTED
MAKEMA ., 1F ALQUELSTE D,
INCLABE MAXPALRY POSITIVE
aH As THE FIKST TrttL
ENTRY ANLD MA XM UM
NEGATIVE aH AS A TeENTATIVE
FiINAL ENTRY. A Curve FIT
Wit BE PONE LATE R TO
Dt TerMitae THE MAXIMUM
NEGATIVE aH wWilthiN aV Fudatf,
CHORSE FirsT sH ENTRY
FOR CoMPUTATION OF

INITIAL LLIf 1T-0F F TIME

JRAN. —

COMPUTE FIRST QUESS AT LM
LIFTOFF TIME BY BIASIN G
Exx AS A FUNCTION OF THE
CATCHUP DURING LACH ORBIT
PHASE FRCM LAUNCH To TPF




COMPUTE LM INSERATION
ELEMENTS For THIS
LIFTOFF TIME

YES

NO

COMPUTE TPI AND TPFE TIMES
USING LM oRBIT. TPI MAY
BE INPUT OR .MAY BE ARRIVAL
AT A LUNAR LLONG |TWU DE or AT
AN ANQLE AWAY FROM THE
LINE-OF - CENTERS GETWLEEN
THE EARTH AND MOON, TPF
1S AN INPUT TRAVEL ANGLE

TER TPI
[ AFIER

COMBUTE PHASE ANGLE REQUIRED
AT TPI gAsed on bR, THe

INPUT ELEVATION ANGLE AND
THE TARGET ORSIT RADIUS AT ol

ADD THE INPU-T
STABLE OREITS
PHASE OFFSET TO
THE REQUIRRA TrPI
PRASE ANGLE

1
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{AbuusT PHASE ANGQLE AT
INSERTION SO THAT
-~ < 8 X T

—

CST EXECUTED
AT NPUT gt AFTER
INSERTION

s

SET CSI TimME
Toe BE TIME
OF INSERTION
PLus ot

COMPUTE <1 TIME 10 BE
Y, (EANTEAL TRAVE L ANGLE

AF Te fe INSERTION

comeutTe €3I MANEUVEK To
QIVE AY AT NexT AP3IS .
COMPATE CDH MANEUVLE
FOK THAT APSIS

oo 2

CoOoMPUTE ACTUAL PHASE
ANGLE AT TPI . ComPRTE
A0 AS THE DOIFFERENCE
BETWEEN ACTUAL AND
Qecjﬁfff? PHAS_S ANGKLE

A WITHIN
TOLER ANCE

CoMPUuTE NEW
LIFTOFF TIME
BAsED ON a8




aH=o0

YES
NoO

COMPUTE MANEUVERS

TO BE OONE AT THE T/MES
OF TPXI ANOD TPF For

TE KMINAL PHASE

sH AN INPUT OR A
COMPUTER MAXIM UM

MAX MM

13

IS THIS TTHE CHooSE NEXT
H N LE
FinAL ENTR‘I I~ >~ s TAR

AH TABLE

Yl:S

EX\T
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No
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COMPLETED

/
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COMPUTE L[FTOFF TimLS

ANR MANEUVE R

MULTIPLE -OKBITS
THE MMLTIPLE

TimE S Fok
PLANS .
oKEITS AKE
SPENT IN THI7 OrFBIT7
PHRSE wHICH A1OST LENGTHENS
THE LAUNCH cornped, THE

MANELUVER - AV VALUE S ARE
Vol cHANGED.

THE Fotiowing (ASES ARE
CONSIOERED

1) LM AANERvL Ry 4H >0
ADR ORBITS GefForte CsT
2) LM MANEUAVE RING AH <0

ADD oREITS AFTER CDH
B) CSM MANERVEKRING I

ADD CREITS

AFTEwr COBH

~.

_aH NL@A#N

MO

CHOOSE NEXT
AH

IN TABLE

CNESS




LAST CURVE
FIT DOATA pPOINT
COMPUTE D

SoLVE CURVE F\IT FoOR
LARGEST NEGATIVE oOH
FOR WHICH THE TOTA L
AV REQUIREMENTS ARE
WITHIN THE BUOBGE T OF
MANEUVE RING VEHRICLE

curvt Fi1T all

EXCEED MAX IMUMN

NEQATVE all ..
™

YES

[ .1
| C HOOSE MAKIMUM NEGATIVE AHI

15

CHOOSE aH
VALUE TO FILL
CURVE F T DATA
TAGLE

CHOOSE CURVE
FIT o H
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petAie © LLWM FLow cHarT

2]

INPUT MU, a4, Ry, Sey Suy 5o, Touan; Tver,
Taneny Toa s My Py Nevavy ban | tppy, Hs,
AV'“"“L NELISR Y H'Wt" ) VOO ) @Tp;)

Yy, &%y, AHgeey v ANRirep y wi, Bia,
AHors y 88ppe s thase s troe s Rus,y Ay, B,
te) 0,8, T, 39 h, L, &

CRLL LSAEG:
ADYANCE M
Yo tume

/(;m.l. SYLG,  FNb osm
{ TWE OF ARRIVAL RT M. AWG
ADVAMCE. <SMm To THls TIME

o L —

SAVE THE CsM
VECTOR N SELENOCENTRIG
COORDINATES AT t“




CALL  EMSERT: OBTAIN LW (NSERTION
VECTOR WUSING t,, As THE LIFT-OFF
TWME . TIME oF vECTOR FROM  ENSERT

s
*lﬂs = tu +* t”

CALL LAREG: INITIALIZE |m VECLTOR

teast,, t Aty Tawen 10

CRALL LSAEG:
POVALCE, VEHICLLS
To CsX
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[Rwvr] - g,

MM = 2

Liger™ L
Tiwer= 1
Ilrp'L'- 1
Tmpy =0
Tiaar*= ©

Taavg =1

Teomve® 1

CALL L SREG:
RADVAMCE  Csm

To t,

.___//



<AL LSAEG:
ADVANICE. CS

TO

tTPT_ /
CALL TILL: FIinb cam
TIWME oF ARRWAL AT A
PoiNT DPeTERMINEDN OY AN

ANGLE ®.pp AWAY FROM THE

E-Mm LIVE  AUD AQGVALCE Qsm
Yo _THIS TimE ¢

v

CALL STLO ¢ TIND Csm
TImE oF ARRIWAL AT AEXT
CROBAING  OF  )ypy MMB
ADVAMCE CSM To THIS Time

trex

-

y
SAve PosiTioNn
VECTOR. OF Qs
AT TRT

Ev.-.-z

Upz U, + 0t

CALL Tyma : FindD csm Time ofF
ARRIVAL AT W, amd ADVANCE
CSM TO THIS YTimeE

*e

&
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CALL PERMAR: GET PERIGEE
ALT\TUBE OF PRSSIVE
YERICLE

’

Hs

!

I
A= ( B‘?—;&L_
1)

i
B Re(t- i)




4 I=TL+1

<l
=
AWy 2 DR ) 5 IV
<
=
AWz LAcayr

‘ AH;=A\‘\u&u -

write: NO
VALID ENTRIE S
IN AW TAGQLE
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=i+

Pom = Pm

Ci= Rp
C;_: Rm
Cy: Pp
Cq=Qp

e

tpr Np- Bao

Ne

(C;- Pm\ Atn

Ca
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|Ero:" AH\A\ cos (Qm)

Bu= L{‘ - .- sm"[‘(
‘IT'& I

]

'

C1= Ca *CI - AOHw

2
A
Cy= = ,_17

ar T

'

u
[AY'Y

c
»
fl
e
(%3

4=

|
C\: s &

Ca C\L

Fais
Cu® Cx

3= ¢ c
Clt"'_(‘a 4;2 2

tn.pn.‘ t;,“ Cet|C i+ 1Cwl + Cie=Cy

&
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RESET CsSM VECTOR 70 THAT
VECTOR.  SAVED PREVIOUSLY

CALL LSAEGT INITTIALLRE
Csm  VELTOR

CRLL LSREG: PRADVANCE C4m
To Time OF LIeT-0FF
tion

CALL  ENSERT/ OBTAIN LM
INSERTION ., VECTOR USING £,, AS
THE LIFT-ofF TImE, TIMEF OF vEcToR
FRom LEMSER 1S

thlz t\.o‘ r tPP

!

CALL LSAEC: INLTIALIZE
LM VECTOR AT ¢,ug
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CALL LinnG -

PohoY DETERMINED QY

¥
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'

FINDG LM Timg ofF

E-M LIVE WD ABVANCE

tyrz

RRRIVAL AT A POINT DETERMIVES
87 AN ANSLE Drexr AWAY FROM THE

LM TO TMIS

CaL. ST

Time

FIND LM Time OF
ARRIVAL AT NELT CRDSLING OF
Apg MB ADVANCE LM To THIL

Crae

ADVANCE LM YO CALL T
tw
TImp

ADVANCE LM

b,
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11

SAVE PostiTiON
VELCTOR OF LM
AT TPL

E'rPt

'

Wa= W, rwt

l

CALL TiImA: FiND LM TIME OF RRRIVAL
AT We AND  ADVYANCE Lt To  THIS
TimE

te

10

™w -1 (‘tr’:‘“b““\ cos (&)
= - - QL. - N
z [ [Rerel
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11

DAVE OUTPUT QUANTITILS
N‘lu., = 2
T"!t”= t?'l

T“M H t‘,

'

CALL LSAEG: ™MoVvE BoTw
VEWIWCLES TO Time OF
INSERTION

l

CALL THETR: ORTaN

PHASE ANGLE AT 1NSERTION
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ADTUST PHASE ANGLE ©
S0 THAT

-TrT< & <77

BY ADIUSTING THE MEARN
ANOMALY OF THE MAMEUVERING
VEHICLE ,

Q‘zl%‘r‘lﬂ"
ax=%|3n+|%‘_\zvr

,QM'S 1M*A’Q

12

CALL LSAEG: TMITIALIZE MANEUVERING
VEHICLE AT TIME OF INSERTION
WITH Wewr B,

tu)s

Atz -‘;—m[cos"(e.‘-en;;\-en‘ﬂ s /I..,.., o)

~—— > t<$l: tcn *'Atl

I3
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13

CALL LSREG:> AbDvAnCE OBorn
VEHICLES ToO ST MANEUWVER
toinT

tc.sr.

CRALL HMAWLIT: COMPUTE A CSI-COM MANEUVER € QUERCE
Ave  OUTPUT. BOTH VECTORS RFTER  CPH , AVeyp , OVeow, tcow

CALL. LSAEG: ADVANCE RoTwH
VEHICLES To TPFL MANEUVER

PowT
)

CRALL THETR: ORYAIN
PHASE ANGLE AT ThT

Over
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15

SAVE QUAMTITIES TO oOurfur

DV“‘I’»Is = AVesy AVyepp = O

L
AVrpR =0
Dvu”lsucr = AVcon

Teon
Lot = t on

'A"ali 0

<
=

CALL  2-1mPULSE : GIVEN top ,bppe
AVD VECTORS OF DOTH VEHICLES
AT tyer DBETERMWE AV CO\T
OF TERMANAL PHASE

AVrpr , AVypp

'

DVT'I: R §719 l‘r= AVm

—>
Dv"‘huev = AVypg

'

Teer = QVes + AVeoy T AVrpp + AVrpe

&
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T

“Oq 00 -

tion
T‘.‘ttunﬂ = tcst
At,,mk= -E‘_ {wg
B\ = Tcst Tooop

Bz = chn‘!“”

B_;:

Trre ger

B‘ = T“ Toep
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. AP = Py= P

Pw s B

MM.‘B MM*

Plam

tmen - Stman

!

Tt.s& xu.p'-‘l- B\*’ (MM_Z“ P,;m

Teorsc= B (MM-2 )P,
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AP —AP

Myrer= MM+ Loen- At""“\

,l

Tcnh“ = B,

T““x...' = Ba

'

|

Tozuee™ tiom* (MM-2) AP
Trmtooe = By + (MM-2) AP
Tore,,, = By+ (MM -2)aP
Nicep = MM
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Tiee= Liowp + 1
Toerer = Tager + 1

ALl = AU
Lo AalT Sl b AR FTIY 4 o
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Jmov = L
Is;\_‘f = 15(!-"" * l
ILBGP -4 ILpa’n +~1

ARy = OWygper

AM,

® Ceueve =

Cv Teuave ¥ DV"I'.E 834

20




Tomve= Levavg + L

AR = AH. - AHgren

CALL SUBROUTINE TO LOMAUTE
AN Negyy PownT
DETERMINE THE MAXIMUM AN  FoR

AN INRLT

cukve FIT To

AVmay,

AHh“L

1

AL I AHVM;* OWept

AH =AH¢.an-

LT

l

AN

=
Tserey ON may
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DiseLRY TAGLE oF

LIFT OFF TIimes Teo;
DELTA W'a o
MAREUVER TimEs Test |
Tean
TTP‘K;
T‘rrsL

MANEUVER OELTA V COST  DVeer,
DVeany
DVrer
DVyer;

TYOTAL RELTA V  ¢OAT DVe:
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Constant Input:

I

"

dh
Variable Input:
t

ISAEG

Output:
AVesT

ANbDH

CDH

SYMBOLS

5, lh’l592 [ [ ] [)
moon gravitational constant

iteration tolerance on height

time of CSI

input for both vehicles at time t
number of maneuvering vehicle
M=1 - CSM is maneuvering vehicle
M=2 - IM is maneuvering vehicle
nunber of passive vehicle

P

1l - CSM 1s passive vehicle

P

2 - IM is passive vehicle

CSI maneuver costs

CDH masneuver costs

time of CDH maneuver

L1
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FuNcTionar HMALT T fFrLow

START

[o——

COMPUTE FIRST QUESS AT
HORIZONTAL CST MANEUVER -4V

_ !

COMPUTE LOCAL HORIZONTAL
VECTOR (N INERTIAL
COORDINATES

AOH CsT AV (VIRECTE D ALong
LOCAL HOFIZONTAL VECTOR)
TO IIMPUT VEHICLE VELOCITY
VECTOK . 1A TIALIRE VEMICLE
EPHEMERIS OAN THIS VELOGITY
AND sNMPUT POS)TION

VECTOR Fore oxg8;7 AFTER
MANE LU E R

o

ROVANCE TO FIRST APSIS

AFTLR CSI oF ﬁ/)/\/é‘dv[ku\/(’
ufﬁ/cLE

CHART

s TME
FROM C3I ToO APS’S

LESS THAN MINIMUM

ADVANCE ToO NERT
Sq((eeou\lq
APStS . THIS (S
FIRST USARBLE
APSIS AND 1S

CALLED FIRST
APSIS




COMPUTE ACTUAL aH AT
FIRST APSIS

!

compuTE ApW AS DIFFERENCE
GETWEEN ACTUAL 8H AnNo
INPUT QDesirED O Y

15 AAH “'T“"\»-f h
TOLERAN(CE

k3

COMPUTE N EW
CsT AV sAseld
OoN 488 H

COMPUTE COELLIRTIC
MAMNEAVER FIR EXECaTIoN
AT FIRST APS!IS
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ve TaiLe 0 HMALIT FLow CHART

(svosr)

INPUY - T, R, Sh, T, aoo VECTORS
oF BoTH VEHICLES AT TImE T
M, P
P"- 0.0
W= Wy
Py = ©.0
AY = 0,0
!
AVK -~ 0.0
Kegp = ©
v
AVL + 0.0
- '
QT 21\'[ Py
<
KIDB-'O QT—’“-
=
Kio> 1




CALL. STAP ! ADVANGE MANE UUVERIN
VERICLE TO UM LOomINGg ARWIS
DETERMINED QY Kieo

)

!

PASSIVE  vBWWLLE AT t.0r AND
MANEWVERING VERICLE AT <OH
/

CALL THETR: OBTAIN RNGLE ecvu!n)

=

6= |8~ 2,,[_25..

k5
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T
A Vo
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h® (it
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/ J&xWd
= km R’—‘- Rw\

Vi = )VMI cos ¥

P=op(L-eX)
SINORF

Gy

Ge
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Re
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Q|-Gf
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P
(L+ epcos(®i+8+ X))

Ry *

Ra * Ry = &M

S22 1
AV Z‘*( > )- R .
U e

COmMPUTE VELOCITY AFTER (¢$I
V= V. = aVg (3
CALL LSREG: INITIALIZE MANEWVER)

VEHICLE AT  tesy USING VECTOR
NFTER CST

—

Rm !V"‘

AV = AV,
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4

-

Rcbu = ﬁ&

| AVeey = AV

COmMPUTE  VELOCITY AFTER
csr

_V-n = Vm - AvCiY. ( s‘

:

,-"”Mcau. LSREG ! TWITIALIZE MANEWVERY
/ VEMICLE AT tex WAING VECTOR
AFTER  C ST

EMJ v"

= lAI - %vh
$ s ()& X € s (26)- § €2 s (3F)
L. =f-2e. % Qc- 3
CALL LSREG: INITIARLIZE MMANERVERING

1 VEHICLE AT %y WSING NEW
MEAN  ANOMALY

L




u“, = Awm

Y

CALL STAP: ROVANCE MAREUVERIMNG
VERICLE  To ARSIy DICTATED QY

Kiso
OGBTAIN teon

Az U, - Uex

Kloo= 1- Kuo
Korr = 4
CALL STAP: ADVANCE MAVEUERING
VEHIGLE To APSIS DICTATEDS &Y

Ktoo

onram  teoy
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CRLL TIMmA : ADVANCE PASSIVE VEW\CLE
To PHRSE MATCH WITH  Wee
To o6YArm

Re

RADIUS OF TARGET AT con

l

AHG= RP’ R-
Reon © Reow + OHe — aH

/)\
\limg
.

AES
,//
1 >

W22

_ 2m ._R
SVeer™ [RL (1 25 (1- ;R_:_\‘)

Remw Retn

\
~ Vu
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CALL Co®OH: GIVEN AH | tepy ,
AN MANEWVERING VEWICLE COmPUTE
CBH MANEUVER AND  OUTPUT

.

AVeon

Y

OWTPUT ¢ AVest y AVeow

Teom

(Eex1iT )
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SYMBOLS
Constant input:
ﬁ 3 L] l’-l»1592 L] L) 3
&t iteration tolerance on time
Variable input:
Is routing flag for lighting source
IS = =1 - for MSFN site
IS = 0 -~ for earth lighting
IS = 1 - for sun lighting
t threshold time to begin search

vector from MSFN site to moon at time t

m’:Ul

d angle from moon-source line-of-centers
to entry or exit of darkness (to ACQ
or I0S for MSFN site)

IE routing flag
I; = -1 find entry (or LOS)
Ip = 1 find exit (or ACQ)
IL loop flag
IL = O advance forward on At
IL = 1 advance forward on computed At

I vehicle number



ISAEG input for vehicle T

Output:
t time of arrival at desired condition
tG guess time at alternate lighting

conditions
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o EUATAS S e e |

“““““

e e st T

o7



FUNCTIONAL TILL FLOW CHART

START

AOVANCE VERICLE To INPUT

THRESHOLD TIME

il

DETE RMINE VECTOR , R FROM
MOCN CENTER TOWARD
CENTER OF LIGHTING (OoR
RAQDAR) SOURCE AT TIME

]

s T - ‘\v,
T INPUTANGLE T
FROM LINE -OF - CENTERS u .
~ LESS THAN ’
(%) — YES
>
NO

sev R, EQuUAL TO -f To
QET VECTOR O/RECTED AWAY
FRoM LIGHTING SOuURCE . IN

THIS CASE BESIRED FoInNT IS
ON "DARK " SIDE OF THE MooN




COMPUTE YECTOR IN ORBIT
PLANE AT THE INPUT ANGLE
FROM THE LIVE -OF-(eNTERS
(Gee Figqure 1)

{

COMPUTE CENTRAL ANGQLE
BETWELN CURKRENT VEHICLE
POSITION AND TH!S
LC'aMﬂd‘feb VECTOR

COMPUTE TIME oF ARRI\VAL
BASEQ ON TRAVEL TIME
EQUIVALENT O©OF THE CENTRAL
ANQLE

1S CENTRAL
ANGLE SMALLER THAN
IOLERPANCE

YES

AOVANCE VEeHICLE

TO (OMPUTED
TIME OF
ARRA\VAL
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DETAILED TILL FLow CHART 4

STYART

INPUT @ TF, To, Rey ¥,
§J Tg, Ty, T, &, Ao
KEPMERTAN BLEMEOTS AT
somE  TIME

CRLL LSREG® ApDVANCE
VERICLE Ty to €t t, ceatnmn

‘EL 3v!

“CALL EPHEMERIS AT t
FoR PoSITiON VECTOR, OF
SUN RELATIVE To MOON

R

cALL EPHEMERIS AT <
For. PosiTion veEcToR OF
EARTH ERELATIVE TOo MOON

R.




COmPUTE Ry WHICH 18
VECTOR PROTECTION OF
Re oN ORBIT pLAME
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-\ cos ¥
p = cos | ——
cos &t

a'=I. B3

al

7
;OI
x

o
L 4

| Ra % R |
A= P
- TR
S= | A~

o= Cos.\ _._______‘Ev : _R" -
| Re [ Ra

Ra= = Cam@’+ Ry tos _’

]
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APPENDIX D

LSAEG SYMBOL DEFINITION
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i

a, e, i, g, h,

[ ] i ]
Xy, ¥y 2, X, ¥,

v, Y, ¥, R, X

e

h"

Ill

~

Ne
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SYMBOLS

vehicle number subscript

vector for vehicle in classical coordi-
nates

vector for vehicle in rectangular
coordinates

vector for vehicle in spherical coord-
aintes

mean motion
rate of change of argument of perigee

rate of changé of the longitude of
ascending node

argument of latitude

rate of change of vehicle radius
mean longltude of ascending node
mean inclination

vehicle orbital pericd
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